Enhancing h — > 77 with staus in SUSY models with extended gauge sector 
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We discuss the impact on the stau masses of the additional D-terms in ?7(l)-extended MSSM 
models. We show, explicitly for the B-L-SSM, that these contributions can play a crucial role in the 
explanation of the enhanced diphoton decay rate of a SM-like Higgs particle around 125 GeV. Even 
in the most constrained scenario with universal scalar and gaugino masses, it is possible to obtain a 
sizable enhancement and, in addition, the correct relic density for the LSP. Furthermore, a lighter 
CP-even scalar that could fit the LEP excess at 98 GeV is viable. 



Introduction. Both the ATLAS and CMS collabora- 
tions have recently reported the observation of a new 
resonance compatible with the long sought after Higgs 
boson [I]. Although the best-fit mass of nearly 125 GeV 
as well as the WW* and ZZ* rates have been interpreted 
as consistent with the standard model (SM) and with sev- 
eral of its supersymmetric extensions, the collected data 
seem to indicate an enhancement of the diphoton rate 
with respect to the SM yield. Certainly, the amount of 
data currently available does not provide convincing ev- 
idences, being the diphoton rate 2a away from the SM 
prediction. Instead of considering this as a mere statisti- 
cal fluctuation, in this paper we pursue the hypothesis 
that this is caused by a physical effect. This can be 
explained in two ways: through a reduction of the hbb 
coupling (leading to a smaller total width enhancing all 
other partial rates) as in the next-to-minimal supersym- 
metric standard model (NMSSM) [5] and/or with extra 
contributions in the /177 loop. In the latter case, light 
and largely mixed staus have been immediately recog- 
nised to be a viable possibility [3,4. This generally re- 
quires very large tan/3 values, and it is rather hard to 
realise in constrained minimal supersymmetric standard 
model (CMSSM) [5J. Furthermore, the connection with 
the explanation of the muon g— 2 problem has been inves- 
tigated, both in minimal supersymmetric (SUSY) mod- 
els H] (assuming universal soft-slepton masses, light 
smuons and charginos can achieve the scope), in gauge 
mediation models [5] (where low scale mediators are re- 
quired), and in their U(l) extensions [7 (in which the 
described mechanism requires an additional charge for 
the MSSM doublet Higgses and the U(1)b-l extension 
is, hence, not considered). In the latter models, the dark 
matter candidate's relic density is also matched to the 
observed value. 

In this paper we investigate in the U{\)b-l extended 
MSSM the possibility for a Higgs boson compatible with 
the recent observations and the mechanisms to enhance 
its diphoton rate while allowing the WW* and ZZ* rates 
to match the SM predictions. This is achieved with rela- 
tively light staus, as in minimal SUSY models, with the 
only difference being that the new D-terms coming from 



the B — L sector can further reduce the stau mass enter- 
ing in the /177 effective interaction (while ensuring a pole 
mass of ~ 250 GeV, compatible with exclusions) 1 leading 
this mechanism to work also in the constrained version of 
the model (as opposed to the CMSSM 0|S]) and amelio- 
rating the situation in the MSSM where pole stau masses 
(taken to be equal to the mass entering in the /177 loop) 
close to the LEP limit of 100 GeV are required. Such 
light staus can be looked for at the LHC in the Z' — > ff 
channel [8J. Despite the light stau, we will show that a 
neutralino DM candidate compatible with observation is 
viable. A further viable scenario is represented by the 
125 GeV Higgs boson with an enhanced diphoton rate, 
accompanied by a lighter state fitting the 2.3a excess 
at 98 GeV observed at LEP [9J. In this case also a vi- 
able DM candidate, either a neutralino or a sneutrino, 
is possible. Even lighter scalars (down to 10 GeV |10| ) 
that would have escaped all searches are possible in this 
model. Regarding the muon g — 2, its explanation re- 
quires low smuon/chargino masses, not possible in our 
constrained scenario because rather large mo is needed 
for spontaneous B — L breaking. If we soften our as- 
sumption of strict universality in the scalar sector and 
allow for non-unified scalar masses, we can choose smaller 
sfermion masses and as well g f _ l — 2 can thus be explained. 

The minimal supersymmetric B — L model. We de- 
scribe here the minimal supersymmetric extension of the 
SM with a U(1)b-l gauge group [TT]. The model con- 
sists of three generations of matter particles including 
right-handed neutrinos which can, for example, be em- 
bedded in SO(10) 16-plets. We require gauge coupling 
unification at some grand unified (GUT) scale. Below the 
GUT scale, the usual MSSM Higgs doublets are present 
as well as two fields 7/ and fj responsible for the break- 
ing of the U(1)b—l- Furthermore, 77 is responsible for 
generating a Majorana mass term for the right-handed 



With pole mass we denote the one-loop corrected mass at Q = 
MsuSY = y/ii i 2 , while in the loop, leading to the effective /177 
coupling, the running DR. tree-level mass at Q = enters. 
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TABLE I: Chiral superfields and their quantum numbers. 
Gsm are the standard model gauge groups: Gsm = U(1)y ® 
SU(2) L ® SU(3) C . 



neutrinos and thus we interpret the B — L charge of 
this field and of fj as their lepton numbers, and call 
these fields bileptons since they carry twice the lepton 
number of (anti-)neutrinos. We summarize the quan- 
tum numbers of the chiral superfields with respect to 
U(1) Y x SU(2) L x SU(3) C x U(\) B -l in Table [I] 
The superpotential is given by 

W=Y»u c i Q j H u -Y^d^QjH d -Y? e\LjH d 

+ n H u H d + Y l J v? Lj H u - l i'f l fj + Y*> v? L fj . 



For details about the additional soft SUSY-breaking 
terms for scalar masses, gaugino masses and scalar in- 
teractions, see [10]. The extended gauge group breaks to 
SU(Z)c®U{l) em as the Higgs and bilepton fields receive 
vacuum expectation values (vevs): 



H d=-^ ( a d + v d + i<Pd) , H u = -^(< J u + v u + i<p u ) , 
77 = -j= (a v + v n + ifa) ,f}= (a n + Vfj + i(j)fj) ■ 



(2) 



We define tan/3' = v„/vfj in analogy to the ratio of the 
MSSM vevs (tan/3 = v u /v d ). 

The CP-odd sector of the MSSM and the B — L decouple 
at tree-level and the masses of the physical pseudoscalars 
A and A® are given by 
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In the scalar sector the gauge kinetic terms induce a mix- 
ing between the SU(2) doublet Higgs fields and the bilep- 
tons. We define g\ = \(g\ + g 2 + g 2 ), c x = cos(x), and 
s x = sin(a;) (x = /3, /3'), and use g B L for the B — L gauge 
coupling and g for the off-diagonal gauge coupling in- 
duced by kinetic mixing. With this conventions the mass 
matrix reads at tree level in the (a d , c u , ct^, cr^) basis as 
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Notice that the two sectors would decouple at tree level 
if kinetic mixing is neglected. However, including kinetic 
mixing results in an enhanced mass especially of the light 
MSSM-like Higgs due to the mixing with the bilepton 
sector [TO]. This happens especially near the level cross- 
ing when the light bilepton and the light doublet states 
are close in mass and can cause a non-negligible doublet 
fraction of the light bilepton. 



in the [e-L^R) basis, as 
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with 



The other matrix important for our consideration here t i 2 

is the one for charged sleptons. This mass matrix reads, 



V ^Y e + \([gl-gt){vl-vl) 
2g BL (v 2 v -v*))l, (6) 
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In these equations we have suppressed the terms com- 
ing from kinetic mixing, since the latter plays a smaller 
role here than for the Higgs particles. Of course, in our 
numerical studies all terms are taken into account. In 
general, we can parametrize the D-term contributions as 
a function of the Z' mass, Mz<, and of tan/3' as 



Q U ~ L M Z /(tan 2 (3' - 1) 
2 1 + tan 2 ft 



(8) 



Obviously, the D-term contributions from the B — L sec- 
tor are larger for the sleptons than for the squarks by a 
factor of 3 due to the different B — L charges. Because 
of this, the effect discussed in the following is much more 
pronounced in the slepton sector and it is possible to 
get large effects for staus while keeping the impact on 
the squarks under control. This is depicted in Fig. [I] 
where we show the mass difference of staus (top-panel) 
and stops (bottom-panel) in the B-L-SSM in comparison 
to the MSSM expectations for a fixed set of SUSY-scale 
parameters. 

h — > 77 in the B-L-SSM. To start our discussion let 
us briefly review the partial decay width of the Higgs bo- 
son h into two photons within the MSSM and its singlet 
extensions. This can be written as (see, e.g., [12]) 
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corresponding to the contributions from charged SM 
fermions, W bosons, charged Higgs, charginos, charged 
sleptons and squarks, respectively. The amplitudes Ai 
at lowest order for the spin-1, spin-^ and spin-0 parti- 
cle contributions, can be found for instance in Ref. |12j . 
ghxx denotes the coupling between the Higgs boson and 
the particle in the loop and Qx is its electric charge. In 
the SM, the largest contribution is given by the VF-loop, 
while the top- loop leads to a small reduction of the decay 
rate. In the MSSM, it is possible to get large contribu- 
tions due to sleptons and squarks, although it is difficult 
to realize such a scenario in a constrained model with 
universal sfermion masses [3J H] . In singlet or triplet ex- 
tension of the MSSM also the chargino and charged Higgs 
can enhance the loop significantly |13j . However, this is 
only possible for large singlet couplings which lead to a 
cut-off well below the GUT scale. In contrast, it is pos- 
sible to enhance the diphoton ratio in the B-L-SSM due 
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FIG. 1: Impact of the D-term contributions due to the ex- 
tended gauge sector on the light stau (upper plot) and stop 
mass (lower plot). The contour lines show the difference 
to the expectation in the MSSM. The input parameters are 
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to light staus even in the case of universal boundary con- 
ditions at the GUT scale. We show this by calculating 
explicitly the contributions of the stau: 
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FIG. 2: Br(/i -> 77) s - L /Br(/i -» 77) SM as a function of 
m,f L ~ 1.5mf R - The dashed line is the SM limit without 
additional D-term contributions, the solid line shows the case 
for tan/3' = 1.5 and the small-dashed one for tan/3' = 1.25. 
The other parameters have been set to A T = 1 TeV, fi = 
1.5 TeV, and M z , = 2.7 TeV. 



Here, Dl and Dr represent the D-term contributions of 
the left- and right-handed stau and we have neglected 
sub- leading contributions. Given that 2A T < /itan/3, for 
fixed values of the other parameters, Dr and Dl can be 
used to enhance the 77 rate by suppressing the denomi- 
nator. This is shown in Fig. [2] depending on tan j3', it is 
possible to obtain enhanced branching ratios (BR) of the 
SM-like Higgs into photons even for much heavier soft 
masses than possible in the MSSM. 

We turn now to a fully numerical analysis to demon- 
strate the mechanism to reduce the stau mass in com- 
parison to the stop mass (to enhance the Higgs to dipho- 
ton rate) discussed above. For this purpose, we used 
the SPheno version [2] created with SARAH [15 for the 
B-L-SSM. This spectrum calculator performs a two-loop 
RGE evaluation and calculates the mass spectrum at one 
loop. In addition, it calculates the decay widths and BRs 
of all SUSY and Higgs particles as well as observables like 
Aa M . We will discuss the most constrained scenario with 
a universal scalar mass too, a universal gaugino mass 
M1/2 an d trilinear softbreaking couplings proportional 
to the superpotential coupling (T, = AqYi) at the GUT 
scale. Other input parameters are tan/3, tan/3', Mz> and 
Y x . Y v is fixed by neutrino data and is, thus, tiny and 
negligible for our purposes. For a more detailed discus- 
sion of the code we refer to [TU] . 

In Table |H| we have collected two possible scenarios that 
provide a SM-like Higgs particle in the mass range pre- 
ferred by LHC results with an enhanced diphoton rate. 
In the first point, the lightest CP-even scalar eigenstate 
is the SM-like Higgs boson while the light bilepton is 
roughly twice as heavy. In Fig. [3]we show that all the fea- 
tures arise from the extended gauge sector: it is sufficient 
to change only tan /3' to obtain an enhanced diphoton sig- 
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FIG. 3: (Top plot) The mass of the SM-like Higgs [bot- 
tom(blue line)], of the stau [middle(black) line, where the 
dashed line represents a reference unchanged value] and of the 
sneutrino [top(red) line]; (middle plot) the diphoton branch- 
ing ratio; (bottom plot) the neutralino relic density as a 
function of tan/3'. The other parameters have been cho- 
sen as m = 673 GeV, M 1/2 = 2220 GeV, tan/3 = 42.2, 
A = -1842.6, M z , = 2550 GeV, Y x = 1 • 0.42 



matter relic density while keeping the mass of the SM- 
like Higgs nearly unchanged. The dark matter candidate 
in this scenario is the lightest neutralino, that is mostly 
a bileptino (the superpartner of the bileptons) . The cor- 
rect abundance for tan/3' ~ 1.156 is obtained due to a 
co-annihilation with the light stau. In the second point, 
the SM-like Higgs is accompanied by a light scalar around 
98 GeV which couples weakly to the SM gauge bosons, 
compatibly with the LEP excess [jj]. In this case, the LSP 
is a CP-odd sneutrino which annihilates very efficiently 
due to the large Y x . This usually results in a small relic 
density. To get an abundance which is large enough to 
explain the dark matter relic, the mass of the sneutrino 
has to be tuned below mw [16] . This can be achieved 
by slightly increasing tan j3' and by tuning the Majorana 
Yukawa couplings Y x , that tends to increase the SM-like 
Higgs mass for the given point. It is worth mentioning 
that a neutralino LSP with the correct relic density in 
the stau co-annihilation region can also be found in this 
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scenario. Notice that both points yield rates consistent 
with observations in the WW* /ZZ* channels (measured 
at the LHC) and in the bb channel, as recently claimed 
by Tevatron [T7] (being c^zz ~ !)■ 
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TABLE II: The input parameter used: Point I: m = 673 GeV 
, M 1/2 = 2220 GeV, A = -1842 GeV, tan/3 = 42.2, 
tan/3' = 1.1556, M z , = 2550 GeV, Y x = 1 • 0.42 (neutralino 
LSP). Point II: ra = 742 GeV , M 1/2 = 1572 GeV, A = 
3277 GeV, tan/3 = 37.8, tan/3' = 1.140, M z > = 2365 GeV, 
Y x = diag(0.40, 0.40, 0.13) (CP-odd sneutrino LSP). csvv de- 
notes the coupling squared of the Higgs fields to vector bosons 
normalized to the SM values. 

Conclusions. In summary, in this letter we have dis- 
cussed the impact of an extended gauge sector on the 
diphoton rate of a SM-like Higgs boson compatible with 
recent observations. It has been shown that it is possi- 
ble to enhance BR(/i — > 77) with light staus even in a 
constrained GUT version of the B-L-SSM model, due to 
its extra D-terms. However, the impact of these terms 
on the squarks which unify with the other scalars at the 
GUT scale is marginal, so that they remain heavy enough 
to explain the Higgs mass of 125 GeV. In addition, the 
bounds on the dark matter relic density can be satis- 
fied by either a neutralino or a sneutrino LSP. Finally, a 
lighter scalar with a mass of 98 GeV may also be present 
beside the SM-like Higgs. Due to the mixing with the 
doublet state, this scalar couples weakly to the SM par- 
ticles and could have caused the excess measured at LEP. 
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